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(54) Method and apparatus for measuring cetane number of diesel fuel. 

(57) A method of continually measuring the cetane 
number of a diesel. fuel, the method . comprising the 
steps of: 



(a) providing a diesel engine having means .for 
selectively supplying at least three diesel fuels to 
the engine, a first actuator for varying the injection 
timing of tne engine, a second actuator .for varying v 
the fuel flow of the'ehgine/and a third actuator for ■ 
varying ihe compression ratio of the engine; : ? 

(b) providing a first supply of a diesel fuel of known 
cetane number, a second supply of: a diesel fuel of - 1 
different known cetane number and a third supply of . 
a diesel fuel of unknown -cetane number tov be 
measured, the third supply being connected to a. . 
diesel fuel blending system; u . - ; .. 

(c) in a first cycle selectively and alternately supply- 
ing the first; second and third supplies to the diesel 
engine/ and for each supply, controlling the first 
actuator, to achieve an injection timing of a predeter- 
mined angle before top dead centre, controlling the 
second 1 actuator to achieve a predetermined fuel 
flow and controlling the third actuator to achieve a : 
predetermined diesel fuel ignition delay by varying 
the compression ratio of the engine; ; 

(d) determining the cetane number of the third sup- 
ply by linear interpolation of the pre-chamber plug v 
positions/corresponding with the respective com- • 
pression ratio values; for the r three supplies; and. 

(e) periodically repeating steps (c) and (d) in further 
cycles to yield a series of cetane number values of 
the third supply. 
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Description 



[0001] The present invention relates to a method of 
and an apparatus for measuring the cetane number of a 
diesel fuel. 

[0002] Diesel fuels (otherwise known as gasoils) 
are designated with a cetane number (CN) which is an 
indication of the readiness of the diesel fuel to ignite 
when injected into the compressed air in the combus- 
tion chamber of a diesel engine. The higher the cetane 
number, the quicker is the ignition which follows the 
injection. Thus the cetane number is a characteristic of 
the self-ignition quality of the diesel fuel. 
[O003] The cetane number, is currently determined 
internationally by the procedure specified in ASTM D- 
61 3. This test is required to be manually performed on a 
sample of a finished blend of dieselfuel using a single , 
cy finder four stroke diesel engine, having a variable 
compression ratio. The test requires a manual and criti- 
cal adjustment of the quantity of injected fuel/aswell as 
the injection. timing, and the compression ratio of the 
engine, in order to produce a constant ignition delay 
corresponding to a crank angle of 13°. (i.el*a delay of 
from 13° before top dead centre to top dead centre). 
The test is performed on the finished blend sample, as 
well as on reference fuels having known cetane number, 
which are available from Phillips Petroleum of Barties- 
ville, Oklahoma, USA. The cetane number of the fin- 
ished blend sample is determined by a linear 
interpolation of the ; pre-chamber compression plug 
position found for the blended fuel, as compared to the 
corresponding positions for the reference fuels. This 
manual test lasts about one hour and is required to be 
performed on a sample of diesel fuel after blending. 
Thus the cetane number is only measured when the 
blending operation has been completed, thus prevent- 
ing correction of the formulation of the diesel fuel biend 
on-line in the refinery. 

[0004] Most importantly, the manual test also has 
poor precision. Although historically there has been 
much research worldwide to improve the inaccurate 
procedure of ASTM D-613, the repeatability of the test 
is as high as 0.9 cetane points and the reproducibility of 
the test is as high as 3.9 cetane points. No alternative 
test standard is accepted today, for example by the 
European Committee for Standardisation (CEN). 
Accordingly, the ASTM D-613 standard is likely to be in 
use for several years. 

[0005] There are increasing commercial and techni- 
cal requirements for cetane number determination to be 
accurately and reliably achievable. There is also an 
increasing demand for the cetane number to be deter- 
mined on-line in the diesel fuel blending system. The 
cetane number has been included in the European die- 
sel fuel specification EN590 specified by the European 
Committee for Standardisation. Since 1st October 1996 
the cetane number has been required under EN590 to 
be at least 49 and the cetane number will need to be a 



minimum of 51 from 1 st October 2000. It is likely that the 
* diesel fuel standards will require increasingly higher 
cetane numbers in the future. The cetane number of the 
diesel fuel-needs-tcrbe-certified by the-refinerrThese 

5 increasingly higher requirements for the cetane number 
of diesel fuels will tend to force diesel fuel refiners to put 
commercially more valuable refinery streams and 
cetane improver additives into diesel fuel. This will make 
diesel fuel more expensive. 

w [0006] There is thus a need for refiners to be able to 
measure the cetane number of diesel fuels accurately 
and continuously on-line in the blending system so that 
a particular target threshold for the cetane value to meet 
the required standard can be achieved during the blend- 

15 i ng process, with out . u nn ecessariiy in creasi rig . th e 
cetane number over the target threshold which consti- 
tutes a "give-away" of cetane number which is not com- 
mercially recoverable by the refiner. Currently usinglthe 
manual testing of finished blends, the blends can be 

2d found to be out of specification or can give-away cetane 
number, leading to significant loss of commercial value, 
and of time which is required forre-bleriding and re-fest'- 

' : inc} of the fuel. ^ ^ •>:•'> ^.-is^oq., : 

[0007] There have been prior proposals for the 

25 automatic on -line determination of cetane number in a 
CFR (Committee of Fuel Research) engine which is the 
engine specified in ASTM D-613. 

[0008] Thus EP-A-0610118 discloses such a 
method which operates the CFR engine at constant 

30 compression ratio and compares the measured ignition 
delay of the blend sample with those of two reference 
fuels. Since this automatic process is an over-simplica- 
tion of the process required by the ASTM D-613 stand- 
ard, and in contrast to the standard does not have a 

35 constant ignition delay, this automatic process may not 
be used for product certification in accordance with that 
standard. . • / ^ ■ ■■-.:.-«..- 
[0009] WO-A-97/39349 discloses an automated 
method which also requires the CFR engine to operate 

40 at constant compression ratio and compares the meas- 
ured ignition delay of the blend sample with that of one 
reference fuel. The difference in ignition delay between 
the two fuels is employed to calculate a difference in 
cetane number, based on the calibration of the engine. 

45 with two knowrv reference fuels, once at the start of 
blending. Both the blend sample and the reference fuel 
have their own injection pump, which are each adjusted 
for flow and timing of the injection, the adjustment being 
at the start of blending. The cetane number determina- 

50 tion is fed back to the adjustment of the components of 
the diesel fuel, and the mixture of cetane improver addi- 
tives. Again; as this process is an over-simp lication of 
the process specified in the ASTM D-613 standard, and 
does not have a constant ignition delay, it may. not be 

55 used for product certification. 

[0010] EP-A-0895080 also discloses a method of 
measuring cetane number of a diesel fuel in which the 
cetane number of a reference fuel is calculated using 
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the difference between the average values of the igni- 
tion delay of the fuel to be measured and the reference 
fuel. 



[0011] GB-A-21 63878 discloses a process ana - 
device for adjusting the cetane rating of gasoil produced 
in a refinery. Again, during the measurement phase the 
compression ratio is maintained at a constant value. 
[0012] US-A-5457985 also discloses a process for 
measuring the cetane number of supply fuels for- diesel 
engines which measures an autoignition delay of a die- 
sel engine operating at constant speed with a constant 
volume compression ratio. 

[0013] It has also been proposed to measure the 
cetane number of diesel fuels "continuously by measur- 
ing the infra-red spectrum of the blended fuel and calcu- 
lating the cetane number from algorithms based on a 
Fourier transform analysis. However, such calculation 
methods have a lower accuracy than the standard CFR* 
methods discussed above: ^ : 

[0014] There Is a standard ASTM D-2885 for the i 
on-line automatic measurement of the octane number 
of gasoline which is used by refineries during the gaso- 
line blending process. The test procedure is based on 
an automated CFR octane engine, which compares the 
blend header gasoline with "prototype fuels". Such pro- 
totype fuels are themselves periodically compared with, 
■standard fuels'/which have been separately tested (by 
"round robin" testing by a number of different refiners in 
the petroleum industry) in at least sixteen manual CFR 
engines. Such a process has been considered to. have 
a better accuracy than manual determination, due to the 
use of the average octane number of the standard fuels 
which have been tested in "round robin" testing, and 
equally due to the large number, of repetitions of the 
comparative measurement of the blend header octane .^ 
number with that of the "prototype" fuels. Installations, 
embodying this procedure are currently used all over 
the world. However, there is no such corresponding 
automatic cetane number determination process using 
the CFR engines meeting the: parallel ASTM D-613 
standard for the cetane number of diesel fuel. 
[0015] In summary, there is a need in the art for a 
method of and apparatus- for . determining cetane 
number of diesel fuels which enables the online meas- 
urement of cetane number permitting certification of the 
cetane number of a batch of diesel fuel in accordance 
with accepted International standards, for example 
ASTM D-613. 

[0016] There is also a need in the art for such a 
method and apparatus which enable cetane numbers to 
be determined not only automatically on-line but also 
with high accuracy, repeatability and reproducibility. 
[0017] There is further a need in the art for such a 
method and apparatus which enable the cetane number 
of a diesel fuel to be controlled during blending to permit 
a target cetane value to be achieved reliably. 
[0018] There is a yet further need in the art for a 
method and apparatus which can be readily integrated 



into a diesel fuel blending process and system to enable 
the cetane number of the blended diesel fuel to be con- 
trolled continuously. 

[00191 The-preseiirinvention^ 

s to meet these needs. ■ 

[002O] Thus it is object of the present invention to 
provide a method of and an apparatus for determining 
-the cetane number of a diesel fuel which are integrata- 
ble into a diesel fuel blending system in a refinery for 

w continuously determining the_ cetane number of the 
blend measured in accordance with an accepted stand- 
ard. . < 

[0021 ] It is a further object of the present invention 
to provide such a method and apparatus which can ena- 
15 ble a continuously determined cetane number to be 
r inputted into a control system. for a diesel fuel blending, 
.^system in a refinery to permit optimisation of the blend 
to achieve the objective, of having the .diesel fueUwithin. 
.0 '.the: full specification -with .the least expensive blending 
additives and components available- in the blend sys- 
tem. •,- . --.i-- • : -;*.•:»;-:-• ■ . -.. , - : ■'. 1 , 
[0022] Accordingly, the present invention provides a 
method of continually ^measuring the cetane number of 
a diesel fuel, the method comprising the steps of: , - 

(a) providing a diesel engine having means for 
:\ selectively supplying at least three diesel fuels to 
the engine, a first actuator for varying the injection 
timing of the engine, a second actuator for varying 
the fuel flow of. the engine, and a third actuator for 
varying the compression ratio of the engine; 
. (b) providing a first supply of a diesel fuel of known 
cetane number, a second supply of a diesel fuel of 
different known cetane number and a third supply of 
a diesel fuel of. unknown cetane .number to be 
measured, the third supply being connected to a 
diesel fuel blending system; 
: (c) in a first cycle selectively and alternately supply- . 
ing the first, second and third supplies to the diesel 
engine, and for each supply, controlling the first_ 
actuator to achieve an injection. timing of apredeter- 
mined angle before top dead centre, controlling the 
second actuator to achieve a predetermined fuel 
flow and controlling the v third actuator to, achieve a 
predetermined diesel fuel ignition delay by varying 
the compression ratio of the engine; 

(d) determining the cetane number of the third sup- 
ply by linear interpolation of. the pre-chamber plug 
positions, corresponding with the respective com- 

so pression ratio values, for the three supplies; and 

(e) periodically repeating steps (c) and (d) in further, 
cycles to yield a series of cetane number values of 
the third supply. 

55 [0023] The present invention further provides an 
apparatus for measuring the cetane number of a diesel 
fuel, the apparatus comprising a diesel engine having a 
fuel supply system for selectively supplying at least 
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three diesel fuels to the engine, a first actuator for vary- 
ing the injection timing of the engine, a second actuator 
for varying the fuel flow into the engine, and a third actu-' 

"atcrrfor varyinojthe-compressioTi-ratio-ofihe-enginerthe 

third actuator comprising a motor for displacing a pre- 5 
chamber plug of the engine. 

[0024] The present invention yet further provides an 
apparatus for blending a diesel fuel, the apparatus com- 
prising, a diesel fuel blending system having at least one 
supply conduit for a plurality of diesel fuel components io 
and additives, a diesel fuel outlet for the blend and a 
control system for controlling the composition of the 
components and additives in the 'blend, a diesel engine, 
a fuel supply system for the diesel engine, the fuel sup- 
ply system being connected to the "diesel fuel outlet and is 
to two supplies of diesel fuels of known different cetane 
n umbe rs, a fi rst actuator for varying th e ihjecti on timing 
of the engine;' a second actuator for varying the fuel flow v 
into the engine, a third actuator for varying the cbmpres- , 
sion ratio of the engine >• the third Actuator comprising a 20 . 
motor for displacing a pre-chamber plug of the engine 
and a processing device for : calculating the r cetane . " 
number of the blended diesel fuel by comparison with ; o : 
the cetane numbers of the two supplies: : - 

[0025] The present invention still further provides a 25 
method of blending a diesel fuel, the method comprising 
the steps of:- ' ' ""- ,,; "* : - : ' iiJ ■>*■-.«--- 

(a) providing a' diesel engine having means for 
selectively supplying at least three diesel fuels to 30 
the engine, a first actuator for varying the injection 
timing of the engine; : a second actuator for varying 
the fuel flow of the engine; and a third actuator for 
vary in g the cbrnp ressibh r rati 0 of the engin e ; - : " 

(b) providing a first supply of a diesel fuel of known 35 
cetane number; a second supply of a diesel fuel of 
different known cetane number arid a third supply of 

a diesel fuel of unknbwn f: cetane 1 number to be 
measured, the third supply being^ connected to a 
diesel fuel blending system to which is supplied a *o 
plurality of diesel* fuel components and additives in 
amou nts : selected to achieve a target val ue for th e 
cetane number of the blended fuel; 

(c) in a first cycle selectively and alternately supply- 
ing the first, second and third supplies to the diesel 45 
engine, and for each supply controlling the first 
actuator to achieve an injection timing of a predeter- 
mined angle before top dead centre, control ling the 
second actuator to achieve a predetermined fuel 
flow, and controlling the third actuator to achieve a so 
predetermined diesel fuel ignition delay by varying 
the compression ratio of the engine; 

(d) determining the cetane number of the third sup- 
ply by fin ear interpolation of the pre-chamber plug 
positions, corresponding with the respective com- 55 
pression ratio values, for the three supplies; 

(e) periodically repeating steps (c) and (d) in further 
cycles to yield a series of cetane number values of 



the third supply; and 

(f) calculating an average cetane number value of 
the blend. 



[0026] The present invention can thus provide for 
the first time the automatic on-line measurement of the 
cetane number of a diesel fuel in accordance with the 
accepted standard (ASTM D-613), in particular during 
the blending process. 

[0027] Embodiments of the present invention will 
now be described, by way of example only, with refer- 
ence to the accompanying drawings, in which: ,■>. ^ : 
[0028] Figures 1-1 and 1-2are.a schematic dia- 
gram of an installation for determining the cetane . : 
number of a diesel fuel in accordance with , a first . 
embodiment of the present invention; - , • . , R ? - : . 
[0029] Rgure 2 is a graph showing the sequence of 
fuel injections into the engine with respect to time; r Vv . 
[0030] Figures 3-1 and 3-2 together comprise a. 
general flow chart of a program of a programmable logic 
controller (PLC) describing all the sequences from the 
start of a diesel fuel batch blend until its end; -' - 
[0031] Figures : 4-1 : and. 4-2 together comprise , a, 
detailed flow chart of one step of the general flow chart 
shown in Figure 3, describing the ; sub-sequence of 
actions successively done on each fuel; .v^:- . ; ; . 
[0032] Rgure 5 is a graph showing the pre-chamber 
plug position for the two known cetane number, refer- 
ence fuels and for a constant test fuel with respect to 
time in accordance with one example of the invention; 
and *' •: m -.:. , c--r- ■ ■■"■r.-js . . 

[0033] Figure 6 is a graph showing the relationship 
between the. test fuel cetane number calculated by lin- 
ear interpolation of the compression plug position found 
for the test fuel between the positions found for two 
bracketing reference fuels and time in accordance with 
the example. ■■' . / ■>•-*■ 
[0034] Referring to Figures 1-1 and 1-2, there is 
shown a schematic representation. of an installation, 
designated as a whole as 2, for the on-line determina- 
tion of the cetane number of a diesel fuel. 
[0035] The installation 2 comprises a single cylin- 
der four stroke dies el cetane engine 4, the mechanical 
details of which, such as the piston, cylinder, crankshaft, 
etc., are not shown in figures 1-1 and 1-2. The engine 4 
is the CFR engine referred to hereinabove. ; - . 
[0036] The engine 4 is provided with an injector 6 
for injecting diesel fuel into the single cylinder (not 
shown). The injector 6 is connected via a fuel line 8 to 
an injection pump 10 which is in turn connected via a 
further fuel line 12 to a flow meter 14. The flow meter 
communicates with an array of parallel fuel inlet valves 
70, 72, 74, 76, 78 each associated with a respective 
parallel fuel line 80, 82, 84, 86, 88, each of which 
respectively communicates with a supply of a particular 
fuel, designated generally as fuel supplies 90, 92, 94, 
96, 98. The fuel lines downstream of the valves 70, 72, 
74, 76, 78 converge to form a single fuel input line 1 00 
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for the flow meter 14. The single fuel input line 100 is 
also connected via a valve 102 with compressed air, 
typically at a pressure of around 0.1 bar, to drain the 
current fuel before swrtcTun^toTrTen^ 
[0037] The delivery of diesel fuel into the single cyl- 
inder is controlled by a fuel control 16, which receives a 
signal from the flow meter 14 and controls the operation 
of the injection pump 10 with the flow adjustment step- 
ping motor 18. 

[0038] The injection timing adjustment is controlled 
by a control 21V which receives a signal from a digital 
signal processing unit 30 and controls the operation of 
the injection pump 10 with an injection timing adjust- 
ment stepping motor 20. 
[0039] The flow adjustment stepping 
the injection timing" Adjustment stepping motor 20 are 
required because of the variations in the viscosity of the 
fuels. 

[0040] The injection pump 1 0 is provided with a fuel 
drain 24, with a downstream valve 26, for draining the 
fuel from the injection pump 10, the flow meter 14 and 
the fuel lines 12 and 1 00 * " 

[0041] the 'injector ^6 is equipped with a two posi- 
tions motor 40; opening" and closing the injection line 
drain, for draining the ! high' pressure part of the injection 
system via the fuel drain 45. ; v ; 

[0042] The injector temperature Is controlled by an 
adjuster 42 via the coolant flow with a proportional cool- 
ing valve 44: ~ f r: l ' ; " ~ * 
[0043] Thefirst fuel supply 90 is a supply df a check ,l 
diesel fuel. We check diesel fuel typically comprises a 
source of chemical products, which in accordance with 
ASTM D-613 is supplied by Phillips Petroleum, which is 
employed for calibrating the installation 1 at th e start of a - 
batch blending: n : : " ! 
[0044] The diesel fuels supplies 92,94,96 respec- 
tively comprise reference fuels having low, medium and 
high known cetane numbers/These reference fuels typ- 
ically have cetane numbers of 44, 49.5 and 55.' The ref- 
erence fuels : are "refinery • products comprising 
manufactured diesel fuels which have been round robin ' 
tested by about 20 to 25 r different manual CFR cetane 
engines in a coirelatiori exercise organised by the Insti- 5 
tut Francais du Petrble. Each fuel has been tested to 
determine its cetahe number using the known proce- 
dure of ASTM D-613 by a number of different CFR 
cetane number engines. u 

[0045] That known' test, as specified above; has a 
reproducibility of only 3.9 cetahe points. If the fuel is 
round robin tested, by for example 20 testers, then the 
reproducibility of the average cetahe number from those 
tests, used as a true ; value, and found for each reference 
fuel in the round robin test, is 3.9/V20, i.e. approximately 
0.9 cetane points. Thus the three reference fuels of low, 
medium and high cetane number have relatively accu- 
rately determined cetane numbers as a result of the 
round robin testing. 

[0046] Also, unlike the known batch processes 



using ASTM D-613 for measuring cetane numbers, the 
reference fuels are refinery products, as opposed to 
blends of chemical products which have been produced 
-to-simulate-Tefinery-tjiesel-fuelST-^Fhe-cetane-range 



bridging the low,, medium and high reference fuels is 
around 1 1 cetane points. This range encompasses two 
adjacent ranges of 5.5 cetane points over which valid 
cetane numbers can be determined in accordance with 
the ASTM D-613 procedure. The three reference fuels 
10 have cetane numbers which comply with the require- 
ments specified in ASTM D-613 of a maximum allowed 
difference of 5.5 cetane points between bracketing ref- 
• erence fuels.- 
[0047] The last fuel supply 98 is the blended fuel 
15 supply 98 which is connected to the diesel fuel blending 
system (not shown) so that the apparatus 2 can: 
sequentially measure the cetane number of the blended 
fuel from the blender on an on-lin e basis.c s : -. 
[0048] The determination of injection timing and 
combustion start are: done by digital processing of the 
sijgnals of respectively the injector needle lift sensor 28 
r ahd the cylinder pressure sensor 32 under control of a- 
digital signal processing unit 30. : - ^ - 
[0049] The tuning- of the. compression ratio in the 
single cylinder is achieved by the displacement of the 
pre-chamber plug (riot shown), ■; There is accordingly 
provided a stepping motor 34 for the compression ratio 
adjustment which in turn acts to displace the pre-cham- 
ber plug (not shown). The stepping motor 34 is in turn 
controlled by . control 36 which is informed by the digital 
signal processing unit 30. - . . 

[0050] A micrometer 38 is provided for giving a 
reading of the pre-chamber plug position. ■. 
[0051] A programmable logic controller (PLC) (not 
•shown) controls : the whole installation; ■ ■ The PLC 
includes the fuel control 16, the control. 21 for the injec- 
tion timing adjustment and the control 36 for the step- 
ping motor 34. The digital signal processing unit 30 
communicates its calculation results to the PLC, to con- 
4p* fro! the injection timing~stepping motor 20 and the.comr 
■ pression ratio stepping motor 34 via its controls 21 and 
:36. -- ; r—:M.' re* m - ' - r< ■: ■ 

[0052] The PLC also continuously ■- checks the 
engine conditions with an oil pressure sensor 50, a cpol- 
45 ■- ant temperature sensor 54, an inlet air temperature sen- 
: " sdr (not shown) and an injector coolant temperature 
f sensor (not shown). The PLC maintains the engine in ; 
: the conditions required by the ASTM D-613, by control-- 
ling with an oil pre-heater 52, an oil cooler 53, a coolant 
so flow control 56. an inlet air heater 58 and an injector 
: cooler 42. The PLC also starts the installation and stops 
it in case of insufficient oil. pressure. and/or excessive 
coolant temperature. Finally, the PLC controls the differ- 
ent on/off valves 26,70,72,74,76,78,102 and the three 
55 engine adjustment stepping motors 18,20,34, following 
the sequence of the ASTM D-613 procedure described 
further. Most importantly, the PLC calculates the cetane 
number and communicates the calculated number to 
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the blend controller as described hereinbelow. 
[0053] In the testing method, the position of the 
compression plug in the pre-chamber, for tuning the 
compression ratio in the engine to achieve a consiant 
ignition delay of 13° crank angle, is measured for the 
various cetane numbers fuels. The flow adjustment 
stepping motor 1 8 and the injection timing adjustment 
stepping motor 20 are required because of the varia- 
tions in the viscosity of the fuels. 
[0054] Figures 4-1 and 4-2 show a flow chart for the 
automatic sequenced adjustment of the quantity of 
injected fuel, of the injection timing and of the compres- 
sion ratio of the engine with one selected fuel, in order 
to stabilise the engine in the conditions required by the 
ASTM D-613. ' • : 

[0055] At each fuel change, the fuel pump is rinsed, 
the injector is drained arid the three stepping motors are 
set initially to their last adjusted position corresponding 
to the same fuel used in an earlier cycle. After the 3 min- 
utes engine stabilisation time prescribed by the ASTM 
D-613, the fuel flow is measured by the flow meter and 
eventually corrected with the fuel flow adjustment step- 
ping motor 20. to be around 13 ml per minute, ^ n ;o 
[0056] The digital signal processing unit 30 k deter- 
mines the injection timing and the ignition delay. The 
injection timing f is eventually adjusted to 13° before top 
dead centre with the stepping motor 18. ' r- - 
[0057] Finally, when the injection timing is tuned, 
the compression ratio "adjustment stepping motor 34 is 
eventually adjusted, to achieve the ignition delay of 13°. 
[0058] When the engine is stabilised in the condi- 
tions required by the ASTM D-613, the compression 
plug position is measured and saved in the memory of 
the PLC for the corresponding fuel for a subsequent 
blend fuel cetane number determination. The positions 
of the three adjustment stepping motors 1 8,20,34 are 
also saved in the memory of the PLC as next pre-set 
positions for the same fuel; ■ (; ^' i! 1 ^ = ; » • ; r 
[0059] As may be seen from Figure: 2, initially the 
first reference fuel is injected and tested. Then a proc- 
ess sample of the blend fuel is tested and following that 
test the second reference fuel is tested. The determina- 
tion of injection timing and combustion start are done by 
digital processing of the signals of respectively the 
injector needle lift sensor 28 and the cylinder pressure 
sensor 32 under control of the digital signal processing 
unit 30. The average needle lift and cylinder pressure 
are determined for 400 consecutive cycles.- These 
measurements take a period of approximately 1 minute. 
The injection duration of each fuel is about 4 minutes, if 
the stepping motors pre-set positions do not require 
adjustment (most of the time). As may be seen from Fig- 
ure 2, the sequence of fuels is reference 1, blend fuel, 
reference 2, reference 1 . reference 2, blend fuel, which 
is the order prescribed by the ASTM-D613 standard 
The cetane number of the blend fuel is determined 
before each supply of the first reference fuel. This pro- 
vides a cyclic determination of the blend fuel cetane 



number value, typically about every 12 minutes. 
[0060] Figures 3-1 and 3-2 show a flowchart 
describing the complete operating sequence required 
torthe _ automatic on-line determination-of-the cetane" 



5^ number of a blend fuel, according to the sequence 
shown in Figure 2. 

[0061 ] Before starting the blend fuel cetane number 
determination procedure, the engine must pass a check 
test. The check fuel is submitted to the sequence spec- 
w ified in Figures 4-1 and 4-2. and^thereafter the same 
sequence is performed successively on two bracketing 
reference fuels with cetane numbers known from round 
robin testing. Then, the check fuel cetane number, cal- 

• vculated by linear interpolation of the compression plug 
is position found for the check fuel between the positions 

found for the two bracketing reference fuels, is com-, 
-pared with the check fuel true cetane number and its tol- 
j ; erances. 

?£ [0062] If the installation passes the check test, the 
20 .on-line blend fuel, cetane number,, determination is 
started. .-. - .. ; r- ^ : . . 

'■ [0063] As described hereinabove with reference to 
■c the check fuel, the medium reference fuel is submitted 
ito the sequence specified in Figures 4-1 and 4-2, and 
25 thereafter the same sequence is performed alternately 
on the blend fuel and on the other reference fuel. , 
: [0064] The two bracketing reference fueis are tjie 
low and medium cetane number references fuels, if the 
blend fuel cetane number set point, communicated by 
30 - the refinery, is less than that of the medium reference 
fuel. If the blend fuel cetane number set point is higher 

• .than that of the medium reference fuel, then the twp 
bracketing reference fuels, are the medium and high 

, \ cetane number references fuels. & . 

35 , v [0065] , The blend fuel cetane number is then calcu- 
lated by linear interpolation of the compression plug 
position found for the blend fuel between the positions 
of the two bracketing reference fuels, . which ceiane 
numbers are known from round robin testing. ... . 

40 : [0066] The cetane number of the blend fuel is 
stored and recorded for subsequent analysis, for exam- 
ple for on-line feed back control of the cetane number of 
; the blend fuel by changing the additives or components 
added to the diesel fuel, or by integrating a value, of the 

45 cetane number of the fuel for certification purposes. 
[0067] This sequence of continual testing is, as 
shown in Figure 2, repeated sequentially during the 
blending process. At the end of the blending process, 
the engine is stopped as specified at the end of Figure 

50 3-2. 

[0068] Thus the method and installation of the 
present invention enable continuous monitoring of 
blended fuel cetane number during the blending. This 
continuous monitoring can be used for closed loop con- 
55 troi of the blend ratios. In other words, the cetane num- 
bers may be used continuously to adjust the cetane 
number of the composition to the desired target value. 
[0069] Moreover, the cetane numbers which are 
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continually measured during the blending process may 
be integrated to provide a' single value of the cetane 
number of the complete batch, which can be used to 
~certify~tne cetane numb~eT T ol~the _ batcrrin~accordar 
with ASTMD-613. 5 
[0070] If the batch flow evolution is known, the cer- 
tification cetane number can be calculated as weighted 
average of all the calculated cetane number values. 
[0071] The method and installation of the invention 
determine the cetane number of a blended fuel auto- w 
matically and continually on-line during the blending 
process almost fully in accordance with ASTM D-613, 
except for the reference fuels which are round robin 
tested ref in e ry p roducts ; correspon di rig to th e " stan dard 
fuels" used in the procedures of ASTM D-2885 for on- 75 
line automatic octane number determination. This pro- 
cedure enables the ' refinery to- use" 1 the' ' result of the - 
batch integration -as a : certified ASTM D-613 cetane 
number of- the -whole batchT' calculated with' a much 
higher precision than the %'ingW-""mahuarm€^Qrement' 
on the finished blend as^erhployed in the prior art: ■'•>-*: n-; 
[0072] Tine "present invention" has industria (applica- 
tion in ref irieries which diesel fuel blend system, in par- ■ 
ticular in countries where the cetane number of the fuel n w Claims 
needs to be "certified, in agreement with the current 
i ndustry specifications. ^ 
[0073] The present invention will now be described 
further with reference to the following non -limiting 
Example. v - - 7k •" 

EXAMPLE 

[0074] The method as described herein with refer- 
ence to Figures 1 -1 to 4-2 was carried out using two 
known cetane number reference fuels, one being a 
medium cetane number reference fuel having cetane 
number of 49.6 and the other being a high cetane 
number reference fuel having a cetane number of 52.3. 
The cetane number testing method was performed 
using the apparatus of Figures 1-1; and 1-2 and using 
the sequences of Figures 2 to 4t2. Figure 5 represents 
a graph -showing the pre-chamber "plug position (in 
micrometers) for the two known cetane number refer- 
ence fuels (medium and high) and for a constant test 
fuel with respect to time? The test' fuel cetane number as 
was calculated by linear interpolation of the compres- 
sion plug position found for the test fuel between the 
positions found for the two bracketing reference fuels. 
Figure 6 is* a graph" showing the calculated cetane 
number and its variation' with time. r r : ^ 'v ' .. v so 
[0075] -it may be seen from Figure 6 that the stand- 
ard deviation of the standard cetane number determina- 
tion is 0.29 arid that the repeatability of the single 
interpolations is thus 0.8 cetane points. This value has 
to be corripared with the repeatability of the ASTM pro- ss 
cedure which is 0.9 x V2 cetane points; as the ASTM D- 
613 procedure'prescribes as a single test the average 
of two interpolations done on the same three products. 



20 



25 



30 



35 



40 



This yields a repeatability of 1.3 cetane points using the 
normal ASTM D-613 procedure. This is higher than the 
0.8 points repeatability for a single interpolation which is 
-achievedin-accordance-with-the-method-oMhe-inven 
tion. Thus the method of invention clearly provides an 
improved repeatability of the cetane number determina- 
tion. 

[0076] As may be seen from Figure 6, the. average 
of the cetane number determination (CA/) is 50.85. From 
Figure 5 it may be seen that the theoretical cetane 
number (CN m ) of a 50/50 blend of the high cetane 
number and medium cetane number reference fuels is. 
(52.3+49.6)/2 i.e. 50.95. The difference between, this v 
average (C/v) and the theoretical cetane number (CN m ) 
of a 50/50 blend of the high reference and medium ref- 
erence fuels .is thus 0. 1. This difference is within the nor- 
mal spread of repeatability, r, i.e. r[(C/V - CN th ) = r CN+ . 
0 = 0.8/>/20 = .0.18, where 20 is the. number of cetane 
number calculations in Figure 5: The average, of 20 
cetane number determinations is thus a reliable figure 
for the theoretical cetane number of the 50/50 blend 
between the.high GN and medium CN reference fuels. , 



A method of . .continually measuring , the cetane 
number of a diesel fuel, the method comprising the 
steps of: ■--.*■ • ■ ■•?» j • -<-_; 

(a) providing a diesel engine having means for 
selectively supplying at least three diesel fuels, 
to the engine, a first actuator for varying the 
injection timing of the engine, a second actua- 
tor for varying the fuel flow of the engine, and a 
third actuator for .varying the compression ratio 
of the engine;- ■.•«{?: - : v — - !;r :.--.-. s . 

(b) providing a first supply of a diesel fuel of 
known cetane number, a second supply -of a , 
diesel fuel of different known cetane number 
and a third supply of a diesel fuel of unknown, 
cetane. number to be measured, the third sup-, 
ply being connected to a diesel fuel blending 

system; ^Hrp* ~- !> . - : - s -a b-~ = ^;<- 

(c) in a first cycle selectively and alternately 
supplying the first, second and third supplies to 
the diesel engine, and for each supply, control-: 
ling the first actuator to achieve an injection tim- 
ing of a predetermined angle before top dead 
centre, controlling the second actuator to 
achieve a predetermined fuel flow and control- 
ling the third : actuator to 'achieve a. predeter- 
mined diesel fuel ignition delay, by varying. the . 
compression ratio, of the engine; 

(d) determining the cetane number of the third 
supply by linear interpolation of the pre-charn- 
ber plug positions, corresponding with the 
respective compression ratio values, for the 
three supplies; and 
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(e) periodically repeating steps (c) and (d) in 
further cycles to yield a series of cetane 
number values of the third supply. 



the composition of the third supply to achieve a 
desired cetane number of the third supply. 



5. 



A method according to claim 1 wherein in each 
cycle the diesel fuels are supplied to the engine in 
step (c) in a sequence comprising the first supply, 
the third supply, the second supply and the third 
supply. 

A method according to claim 1 or claim 2 wherein 
the cetane number is determined in step (d) after 
supplying each of the first arid second supplies to 
the enginie. r , s : - 

A method according to any one of claims 1 to- 3 
wherein the cetane humbeY of the third^supply is 
within a cetane number range defined between. the 
different cetane numbers 7 of ^the first and^second 

supplies.'^' ' * -y ■' ! '"''."-i.-i;^'-3'- 



8. 



10. 



10 



15 



:20 



A method according to claim"4 wherein at least four '* 
diesel fuels are selectively supplied to the engine, 
the at least four diesel fuels including the third sup- 
ply and three different diesel fuels each of known 25 
different cetane number which define two contigu^ 
o us cetane : number" ranges, the ■ first and secon d' 
supplies being selected from the three different die- 
sel fuels thereby to encompass the cetane number 
of the third supply Within a respective one of the two 30 
cetane number ranges £ s . 



A-methoxf^ccorcTing^o-aTiy^oregoing-claim-wherein 
the third actuator is a stepping motor for displacing 
a pre-chamber plug of the engine. 

12. A method according to any foregoing claim wherein 
the first actuator is a second stepping motor for an 
injection timing adjustment device of the engine. 



13. 



14. 



15. 



16. 



A method according to any foregoing claim wherein 
each supply of C known cetane number: has been 
tested to" determine its" cetane i number by a i plurality ' 35 17. 
of separately performed tests in different engines 
and the known cetane number has been deter- 
mined as an average value from the tests - ? a : •■ ; 

A method according to claim 6 wherein each supply 40 
of known cetane number has been tested to deter- 
mine its cetane number by at least twenty sepa- 
rately performed tests in different engines. 

A method accordirig to any foregoing claim wherein 45 
the diesel engine is 'calibrated prior to step (c) with 
a supply of a check diesel fuel of known cetane 

value.'-' : " - -V ,f - — 19. 

A method according to any foregoing claim whe rei n so 
the series of cetane number values obtained in step 
(e) is integrated to yield an average cetane number 
value for a batch of the third supply of diesel fuel. 

A method according to any one of claims I to 8 55 
wherein the cetane number values obtained in step 
(e) are continually fed back to a control system for 
the diesel fuel blending system thereby to control 



A method according to. any foregoing claim, 
wherein the . second actuator comprises a third 
stepping motor for a fuel flow adjustment device of 
the engine. ■ :-•*,■.-.» «-... 

An apparatus for .measuring the cetane number of a 
diesel -fuel, the apparatus .comprising r a diesel^ 
engi n e h aving a f ue I supp |y system for F selectively 
supplying at least three diesel fuels to the engine,: a, 
first actuator for varying the injection timing of. the 
engine, a second actuator for varying the fuel flqw 
into the engine, and a. third actuator.fpr varying the, 
compression ratio of the engine, the i. third, actuator , 
comprising a motor for displacing a pre-chamber 
plug of th e e n gin e. r . . • 

An apparatus according to claim 14 ; wherein the 
first actuator is a stepping motor for a timing adjust- 
ment device of the engine. 

An apparatus according to claim 14 or claim 15 
wherein the third actuator is a stepping motor. ; . 

An apparatus according to any one of cJajms ^1 4. to 

16 wherein the second actuator is a stepping motor 
for a fuel flow adjustment device of the engine. ; . 

An apparatus according to any one of claims 14, to- 

17 wherein the fuel supply system includes a fuel 
injection pump for pumping fuel into a cylinder, of 
the diesel engine,, a flow meter for measuring the 
flow of fuel to, the injection pump, and an array of 
fuel inlet valves, each connect e<J on a downstream 
side with respect to fuel flow to the flow meter and 
on an upstream side to a respective fuel line.; ..;.; r ii 

An apparatus for blending a diesel fuel, the appara- 
tus comprising a diesel fuel blending system haying-, 
at least one supply conduit for a plurality of diesel 
fuel components, and additives, a diesel fuel outlet 
for the blend and a control system for. controlling the s 
composition of the components and additives in the . 
blend, a diesel engine, a fuel su pply system for the. ; 
diesel engine, the fuel supply system- being con- 
nected to the diesel fuel outlet and to two supplies 
of diesel fuels of known different cetane numbers, a 
first actuator for varying the injection timing of the 
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engine, a second actuator for varying the fuel flow 
into the engine, a third actuator for varying the com- 
pression ratio of the engine, the third actuator corn- 
uprising aiTK)toMof^spladng arpre^hamber-plug^ 



the engine and a processing device for calculating 5 
the cetane number of the blended diesel fuel by 
comparison with the cetane numbers of the two 
supplies. 

20. An apparatus according to claim 19 wherein the w 
processing device is adapted to calculate the 
cetane number of the blended diesel fuel a plurality 
of times and to calculate an average cetane number 
value for the blend. -'■» -">- 

15 



21. An apparatus according to claim 19 or claim 20 
wherein the processing device is adapted to send 
an input to the control system thereby periodically 
to vary the composition of the blend. 

22. A method of blending a diesel fuel, the method 
comprising the steps of: 

(a) providing a diesel engine having means for 
selectively suppjyjngat least three diesel fuels 
to the engine, a- first "actuator for varying the 
injection timing of the engine, a" second actua- ' 
tor for varying the fiiel flow of the engine^ and a " 
third actuator for Varying the compression ratio 
of the engine; \ j ■! \ 

(b) providing a first supply of a diesel hfuel of 
known cetane number, a second supply of a 
diesel fuel of different known cetane number 
and a third supply; of a diesel fuel of unknown; 
cetane number to be j^easured, the third sup- 
ply being connected tpia diesel fuel blending 
system to which Is' supplied a plurality of, diesel 
fuel components : and additives in - amounts 
selected to achieve -a target j value; for ) the 
cetane number of the blended fuel; " . : ] 

(c) in a first cycle selectively and alternately . .. 
supplying the first; second and third supplies to 
the diesel hengine,; and for each supply control- 
ling the first actuator to achieve an injection tim-_ •> 
ing of a predetermined angle before top dead 45 
centre, controlling the second actuator to 
achieve a predetermined fuel flow, and control- . 
ling, the third :a]ctu atqr to w achieve a predetejr 
mined diesel fuel ignition delay by varying the 
compression\ratio of the engine; so 

(d) determining the cetane number of the third 
supply by linear interpolation of the pre-cham- 
ber plug positions; ^corresponding with the. ; 
respective compression ratio values/ for the : 
three supplies; 55 . 

(e) periodically repeating steps (c) and (d) in 
further cycles to yield a series of cetane 
number values of the third supply; and 



(f) calculating an average cetane number value 
of the blend. 

-23r-A^ethod^cx:ording-to-claim-22-further-comprising 
certifying the average cetane number value in 
accordance with the provisions of ASTM D-613. 

24. A method according to claim 22 or claim 23 further 
comprising the step of: 

(gj feeding back the series of cetane numbers 
to a control system for the diesel fuel blending 
system thereby to control the composition of 
..diesel fuel components and additives in the 
blend to Achieve the target value for the cetane 
number. \ * - ; 
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-AUTOI^TI&ON^NE^ETANE-DETERMIMATIOhM?LOWCHART- 



READ INFORMATIONS FROM HIGHER LEVEL 

-. CONTROL ROOM 
• CNLRF, CNMRF, CNHRF ; 

- SET POINT OF THE BLEND (CNBF-) . 

- CTF TOLERANCES LIMITS: (CNCTF)LOW, 
(CNCTF)HIGH r/tR "V.'i ;v"j :« -.J '-. ".■ 



T .., — • • 



PREHEATING -^-; n ) T Or . 
START CONTROL TOIL HEATER (54°C) 



WAIT 15 MINUTES : 



i 



; STARTING PROCEDUR E 

! • OPEN INJECTOR DRAIN VALVE 

; • START THE ASYNCHRONOUS ELECTRIC 

j MOTOR ._ . _ 

I • OPEN MRF VALVE - „ 

!• CLOSE INJECTOR DRAIN VALVE; : 

! • WAIT 1 MINUTE' ''^^4 ~'l ' 

j • PRE-SET THfe 3.ST EPPiNGjyiQTORS (CNMRF) j 



ENGINE TEMPERATURE CONTROLS 
• START CONTROL TOIL COOLER (60°C) 
j • START CONTROL T INTAKE AIR (66°C) 
! • START CONTROL T INJECTOR COOLANT 



WATER (38°C) 



-3;'": i ««0 



' WAIT 1HOUR ; 

-. — . r. ~ " i — 1 — tt~~ 

i 

i : 



CHECK TEST : 
SEQUENCE ON MRF 
SEQUENCE ON CTF 
SEQUENCE ON HRF 
SEQUENCE ON MRF 
SEQUENCE ON HRF 
SEQUENCE ON CTF 

CALCULATION OF CNCTF = F(CNMRF . CNHRF) 



• LRF = LOW REFERENCE 
FUEL 

• MRF = MEDIUM 
REFERENCE FUEL 

• HRF = HIGH REFERENCE 
FUEL 

• BF = BLEND FUEL 

• CTF = CHECK TEST FUEL 



'Mi -.'I'.-'-Mi 



-TiC' 



FIG 3-1 
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SEND A CHECK TEST FAILURE 
MESSAGE • U v : 
MENTION THE HIGHER LEVEL 
CONTROL ROOM THE ENGINE IS OUT 
OF SERVICE AND NEEDS 
MAINTENANCE 

(THE FIRST ITEM-TO BE CHECKED = 
INJECTOR NEEDLE)A5H?3::; 



-NO- 



SEQUENCE ON LRF 
SEQUENCE ON BF 
SEQUENCE ON MRF 



■ KM 



SEQUENCE ON MRF 
SEQUENCE ON BF 
SEQUENCE ON HRF 



CALCULATION OF ! 

CNBF = F(CNLRF . CNMRF) ! 

o SEND CNBF TO THE HIGHER j 
LEVEL OF DATA HANDLING 



SEQUENCE ON LRF 
SEQUENCE ON MRF 
SEQUENCE ON BF 



| CALCULATION OF„ 

j CNBF = F(CNMRF , CNHRF) , j , 
i ,=> SEND CNbf ; TO THE HIGHER 
I LEVEL OF DATA HANDLING 

l 



SEQUENCE ON MRF 
SEQUENCE ON HRF , . 
SEQUENCE ON BF «. 



CALCULATION OF 
CNBF = F(CNlRF , CNMRF) 
o SEND CNBF TO THE HIGHER 
LEVEL OF DATA HANDLING 



CALCULATION OF : 
CNBF - F(CNMRF . CNHRF) 
=> SEND CNBF TO THE HIGHER 



LEVEL OF DATA HANDLING 



"«NO 




STOPPING PROCEDURE 
STOP CONTROL TOIL HEATER (54 C C) 
STOP CONTROL TOIL COOLER (60°C) 
STOP CONTROL T INTAKE AIR <[66 0 C) 
STOP CONTROL T INJECTOR COOLANT WATER (38°C) 
SET THE 3 STEPPING MOTORS AT THEIR 
PREDEFINED INITIAL POSITIONS 
STOP THE ASYNCHRONOUS ELECTRIC MOTOR 



FIG 3-2 
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SEQUENCE ON EACH FUE L L 

i 



FUEL PUMP PURGE (APPROX 15 SECONDS) 



OPEN SELECTED FUEL VALVE 



jGjift**- - Jit. - • . . 



STEPPING MOTORS PREPOSITIONNING c 
CHECK MEMORY OF THE SELECTED FUEL 
(POSITIONS OF THE 3 MOTORS VS. SELECTED 
| FUEL) 

; o SET<THE 3 STEPPING MOTORS IN THESE 
POSITIONS 



fuel lines. rinsing fapprox 45 seconds) 
• " flo wm eter "~ 
: • fuelpump^; , ; 
« fuellinesJ ^v^,. : 

. — :- :;; - -•:::; T v . — f 

I FUEL FLOW CONTROL (DURING 5Q SFCONriS) ! 
i • FUEL FLOW MEASURED VIA FLOWMETER ' 

PULSES FREQUENCY 
' • FLOW CONTROLLED VIA A STEPPING 

MOTOR 



WAIT 120 SECONDS 



FIG 4-1 
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HIGH FREQUENCY ACQUISITION ON 400 CYCLES 

1. INJECTION TIMING MEASURE: NEEDLE. LIFT DETECTION ANGLE1 
o MEASURE OF AANGLE1 BETWEEN THE NEEDLE LIFT AND THE 

13° BEFORE TDC'S REFERENCE 

2. START OF COMBUSTION'S DETECTION* ANGLE2' ' ~ 
o COMBUSTION DELAY « ANGLE2 - ANGLE 1 

o MEASURE OF AANGLE2 BETWEEN THE COMBUSTION DELAY 
AND THE 13° CRANK ANGLE SETPOINT <>HC-TOM £*AW : b' r * 



•<jaanglei| < o.2°";> 



NO 



INJECTION TIMING'S 
CONTROL 
MOVE THE 
INJECTION TIMING'S 
STEPPING MOTOR OF 
ASTEPS = K1 X AANGLE1 



YES 



WAIT 60 SECONDS 



:-|^NGLE2|V*2-;> 
NO 



! START 6F COMBUStlDN''s 



YES 



CONTROL 
MOVE THE ~ [: 
COMPRESSION RATIO'S 
STEPPING MOTOR OF 
ASTEPS = K2 X AANGLE2 

v ■ ~ ■ '-- * ~ - 

( wait i2o. seconds 

, ' *- j " : 

— ' -- ■ ■• - : - -T ■ - ■ • Mi- 



■-■zZZZli |AANGLE1| < 0.2° AND |AANGLE2| < 0.2 




SAVE THE THREE ADJUSTED STEPPING 



MOTOR'S POSITIONS 
IN THE MEMORY OF THE PLC FOR THE 
SELECTED FUEL 

• FUEL FLOW ADJUSTMENT 

• INJECTION TIMING ADJUSTMENT 

• COMPRESSION RATIO ADJUSTMENT 



— NO-* 



COMPRESSION RATIO SAVINGS 

• READ THE COMPRESSION PLUG'S POSITION 

• WRITE THIS VALUE IN THE SELECTED 
FUEL'S MEMORY 



CLOSE SELECTED FUEL VALVE 



FIG 4-2 
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